Abstract Peripheral facial nerve palsy (FNP) may (secondary FNP) or may not have a detectable cause (Bell's palsy). Three quarters of peripheral FNP are primary and one quarter secondary. The most prevalent causes of secondary FNP are systemic viral infections, trauma, surgery, diabetes, local infections, tumor, immunological disorders, or drugs. The diagnosis of FNP relies upon the presence of typical symptoms and signs, blood chemical investigations, cerebro-spinal-Xuid-investigations, X-ray of the scull and mastoid, cerebral MRI, or nerve conduction studies. Bell's palsy may be diagnosed after exclusion of all secondary causes, but causes of secondary FNP and Bell's palsy may coexist. Treatment of secondary FNP is based on the therapy of the underlying disorder. Treatment of Bell's palsy is controversial due to the lack of large, randomized, controlled, prospective studies. There are indications that steroids or antiviral agents are beneWcial but also studies, which show no beneWcial eVect. Additional measures include eye protection, physiotherapy, acupuncture, botulinum toxin, or possibly surgery. Prognosis of Bell's palsy is fair with complete recovery in about 80% of the cases, 15% experience some kind of permanent nerve damage and 5% remain with severe sequelae.
Introduction
Unilateral peripheral facial nerve palsy may have a detectable cause (secondary facial nerve palsy) or may be idiopathic (primary) without an obvious cause (Bell's palsy) [1] [2] [3] . Secondary facial nerve palsy is due to various causes (Table 1) and is generally less prevalent than Bell's palsy (25 vs. 75%) [2] , Wrst described by NA Friedreich in 1797 [4] . Bell's palsy is thus a diagnosis of exclusion [5] . Due to the lack of suYciently powered studies, therapy of primary and secondary facial nerve palsies is controversially discussed, particularly if causes for a secondary facial nerve palsy coexist with Bell's palsy or if multiple causes of a secondary facial nerve palsy coexist in case of a secondary facial nerve palsy. This mini-review wants to give an overview on the current knowledge about the prevalence, causes, pathogenesis, diagnosis, treatment, and prognosis of primary and secondary facial nerve palsies.
Presentation
Bell's palsy is an acute peripheral facial nerve aVection, usually aVecting only one side of the face. The clinical picture varies, depending on the location of the lesion of the facial nerve along its course to the muscles. Symptoms and signs result from the fact that the facial nerve not only carries motor Wbers including Wbers to the stapedius muscle but also supplies autonomic innervation of the lacrimal gland, submandibular gland, sensation to part of the ear, and taste to the anterior two thirds of the tongue via the chorda tympani [6] . Thus, Bell's palsy is diagnosed upon abrupt onset of impaired facial expression due to unilateral facial weakness of all facial nerve branches, dry eye, if saliva runs out of the mouth, the inability to close or wink the eye or close the mouth, to droop the brow or the corner of the mouth, numbness or pain around the ear, temple, mastoid, or angle of the mandible, an altered sense of taste, hypersensitivity to sounds, or decreased tearing ( Fig. 1) [6, 7] . If the patient wants to smile he appears unilaterally expressionless [8] .
Patients may also mention otalgia, aural fullness, or mild retroauricular pain, which may even precede the palsy [9] . Speech and eating may be also disturbed. Severe pain suggests herpes simplex or zoster infection and may precede a vesicular eruption and progression to Ramsey-Hunt syndrome, characterized by typical cutaneous vesicles and vesicles in the conchal bowl, soft palate, or tongue and by vestibulo-cochlear dysfunction [9] . In half of the herpes zoster infections, vesiculation not necessarily appears or may be delayed (zoster sine herpete). Sometimes the only clinical indication for a herpes zoster is dysesthesia before vesiculation (preherpetic neuralgia). Considering zoster sine herpete is important since it is thought to be the cause of Bell's palsy in quite a number of cases [9] .
Pathogenesis
The etiology of Bell's palsy is unknown but viral infection, vascular ischemia, or autoimmune disease has been postulated as possible pathomechanisms [6] . Bell's palsy disproportionally attacks pregnant women, patients who have diabetes, inXuenza, a cold, some other respiratory alignment, or have undergone tooth root extraction [8] . Some patients report exposure to an air-condition outlet, or an open window before the attack [8] . Also familial occurrence has been reported [10] [11] [12] . Increasing evidence implies that Bell's palsy is caused by latent herpes viruses (herpes simplex, herpes zoster) [9] , being reactivated from cranial nerve ganglia [13] . Reactivation of these viruses presumably causes inXammation of the facial nerve [6, 14] . Initially, inXammation of the nerve results in reversible neurapraxia but ultimately Wallerian degeneration [9] . Virus infection with herpes simplex type 1 or herpes zoster may predominantly occur if the immune system Hansen's disease (leprosy) [82] Otitis media [6] Mastoiditis [6] Herpes simplex infection [6] Varicella zoster infection [6] Ramsey-Hunt syndrome [9] InXuenza viruses [8] Borreliosis [6] Cryptococcosis [82] Neurocysticercosis [16] Toxocarosis [84] Tuberculous meningitis [82, 85] Parotitis, parotid abscess [52] Malignant external otitis [86] Syphillis [82] Surgery Removal of cerebellopontine angle tumours [71] Trauma Head trauma (crush injury) [6, 82, 87] Birth injury [88] Tumour Facial nerve neurinoma [1] Cerebello-pontine angle tumours (neurinoma) [1] Pons tumour [1] Tumours of the petrosal bone [1] Tumours of the middle ear [1] Leucemia [1] Tumours of the parotid gland [1] Lymphoma [6] Immune system disorder Guillain-Barre syndrome [6, 82] Miller-Fisher syndrome [82] Systemic lupus erythematodes [82] Myasthenia gravis [6] Drugs Interferon [89] Linezolid [90] Varia Moebius syndrome (impaired sixth's and seventh cranial nerve) [82] Melkersson-Rosenthal syndrome a [91] Asperger's syndrome (hypo/hypersensitivity to sounds) [8] Parkinson syndrome [8] is simultaneously compromised [5] . Herpes viruses have been detected by PCR within the facial nerve [15] . There are conXicting results concerning the role of Borrelia burgdorferi in the occurrence of Bell's palsy. Some studies found an increased prevalence of Borrelia antibodies among patients with Bell's palsy, whereas others could not conWrm these results. Secondary facial nerve palsy is due to a number of diVerent causes (Table 1) . Though it is often diYcult to decide if any of these causes is responsible for the clinical picture, it is important to diVerentiate between the primary and the secondary forms since this may inXuence therapy and prognosis signiWcantly [16] . Among 180 patients Bell's palsy was associated with arterial hypertension in 12%, with diabetes in 11%, with pregnancy or puerperium in 4% and neurocysticercosis in 1% [16] . In another study, facial nerve palsy was most frequently associated with viral infections, borreliosis, or diabetes [17] . However, if Bell's palsy occurs together with a disorder, which also may cause secondary facial nerve palsy, this does not necessarily imply a causal relation.
Frequency
The incidence of Bell's palsy is estimated to be 20-25 cases per 100,000 population annually [3, 9, 18] . The peak incidence occurs between the second and fourth decade (15-45 years) [2, 19] . Depending on the study, there is either a slight female preponderance [19] or women and men are equally aVected [9] . DeWnitively, the prevalence is increased in pregnant women (43 cases per 100,000) [9] . Facial nerve palsy is uncommon in children under age 2 years. It occurs with equal frequency on the right and left side of the face [19] . Simultaneous, bilateral facial palsy is extremely rare with a prevalence of 0.3-2% of the facial palsies (Table 2 ) [20] . Bell's palsy arises more frequently in the spring and fall than any other time of the year [8] . In the US, the annual incidence of newly diagnosed cases is 40,000-50,000 [8] .
Assessment of severity
To clinically assess the severity of peripheral facial nerve palsy various scoring systems are available. The most widely applied is the House-Brackmann facial nerve grading system (HBS) ( Table 3 ). Degree of facial nerve palsy can also be assessed by means of the Yanagihara grading system [21] , the Sunnybrook scales, the Jadad score of methodological quality, scales on computed systems, and various other systems [22] . Most grading systems rely on the evaluation of resting symmetry, degree of voluntary excursion of the facial muscles, and the degree of synkinesis (involuntary movement accompanying a voluntary movement) triggered by speciWc voluntary movements [23] . Facial nerve palsy can be categorized as complete if there is inability to voluntarily contract the facial muscles, hyperacusis, or loss of taste [24] or incomplete (partial). The progression of weakness may be additionally assessed by reviewing old photos and comparing them with the actual status. The degree of nerve damage can also be assessed by nerve conduction studies of the facial nerve. Reduction of the compound muscle action potential suggests axonal degeneration whereas increase in latency suggests demyelination of the nerve [25] .
Diabetes and Bell's palsy
There are indications that the facial nerve is subclinically involved in 6% of the patients with diabetes [26] . Facial nerve aVection, however, is less frequent than limb nerve aVection. In a series of 126 patients with Bell's palsy chemical or overt diabetes was found in 39% of the cases [27] . In this study, impairment of taste was found in 83% of the patients without diabetes as compared to only 14% in diabetic patients [27] . These Wndings suggest that the lesion in diabetic facial nerve palsy is distal to the chorda tympany but proximal to it and more severe in non-diabetic patients with Bell's palsy that some cases of Bell's palsy with normal taste may in fact represent diabetic mononeuropathy [27] . In another study the rate of diabetes was 10% among 38 outpatients with Bell's palsy. This
Wgure did not diVer from the anticipated frequency of diabetes in the general population [28], why it was doubted if a diabetic mononeuropathy of the facial nerve in fact exists. Neither the severity of facial nerve degeneration, as assessed by facial nerve conduction studies, nor the clinical outcome was signiWcantly diVerent between diabetic and non-diabetic patients in a prospective study on 37 patients with Bell's palsy [29] . In a study on 22 patients with Bell's palsy, who also suVered from diabetes, auditory brainstem evoked potentials indicated subclinical aVection of the eighth cranial nerve [30] . In another study on 21 diabetics with chronic hyperglycemia, the latency of the facial nerve was normal or only slightly prolonged in most of them [31] .
Children
Peripheral facial nerve palsy not only occurs in adults but also in children. Nevertheless, facial nerve palsy has been much more intensively investigated in adults than in children [32] . Despite a lot of similarities concerning pathogenesis, treatment, and outcome there are also some important diVerences. Facial nerve palsy appears 2-4 times less frequent in children than in adults [33] . Additionally, facial nerve palsy appears to be more frequently associated with viral infection and with Borreliosis than in adults [34, 35] . Whether corticosteroids are necessary or even more eVective than in adults remains controversial [36] . Overall, the outcome of facial nerve palsy appears more favorable in children as compared to adults. Almost all young patients with facial nerve palsy have a complete recovery within 6 months [32, 36] . However, as long as there are no suYciently powered studies on children available, management of childhood facial palsy should not diVer from that in adults. Table 3 House-Brackmann score (HBS) and Yanagihara grading system (Y-system) to grade severity of facial nerve palsy [21] 
Diagnosis
Peripheral facial nerve palsy is diagnosed upon the clinical presentation with weakness of all facial nerve branches, drooping of the brow, incomplete lid closure, drooping of the corner of the mouth, impaired closure of the mouth, dry eye, hyperacusis, impaired taste, or pain around the ear. Bell's phenomenon (upward diversion of the bulb on attempted closure of the lid) occurs if the eye closure is incomplete [9] . Nerve conduction studies (prolonged distal latency, reduced compound muscle action potential) may provide useful information about the severity and nature of the lesion [9] , although more prospective studies are required to assess the validity of nerve conduction studies for the prognosis of facial nerve lesions. Table 1 .
Therapy
Therapy, particularly of Bell's palsy, is controversial due to the lack of large, prospective, randomized, and controlled trials [38] . Main goals of treatment are to speed recovery, to make recovery more complete, to prevent corneal complications and other sequelae, and to inhibit viral replication [9] . Psychological support is also essential. Patients require regular follow-ups. Therapy of secondary facial nerve palsy aims to omit the particular cause of the palsy. Patients with Bell's palsy should be referred to a specialist and treatment should start as soon after onset as possible [9] . Treatment may be subdivided into acute measures and measures to treat moderate or severe sequelae.
Acute measures

Eye protection
One of the greatest problems with Bell's palsy is the involvement of the eye if the lid Wssure remains open. In this case, eye care focuses on the protection of the cornea from dehydration, drying, or abrasions due to insuYcient lid closure or tearing [9] . Eye ointment is proposed during day and night supported by a watchglas bandage during the day or night.
Mime and physiotherapy
There are only few controlled trials available on the eVectiveness of physical therapy for facial palsies [9] . In a randomized trial on 50 patients with Bell's palsy and a mean HBS of IV, mime therapy, including automassage, relaxation exercises, inhibition of synkinesis, coordination exercises, or emotional expression exercises, resulted in improvement of facial stiVness, lip motility, and the physical and social indices of the facial disability index 
Acupuncture and moxibustion
Though only limited experience has been reported with acupuncture for Bell's palsy [9] , several studies provide increasing evidence for a beneWcial eVect of acupuncture and moxibustion as an adjunctive treatment of Bell's palsy [43] [44] [45] .
Steroids
Although steroids are widely used in Bell's palsy its eYcacy in this indication has not been clearly demonstrated [38] . Most of the studies on steroids in Bell's palsy have a small sample size, have a retrospective, observational design, rely on chart reviews, lack randomization, a control group, or blinding. On the one hand there are studies, which clearly showed a beneWcial eVect of steroids in the treatment of Bell's palsy, on the other hand there are studies, which did not. There is general consensus, however, that steroids are ineVective for Bell's palsy in children [6] , although even in children some studies showed a beneWcial eVect of steroids [46] contrary to others [47] .
Studies showing a beneWcial eVect
In a recent randomized, double-blind, placebo-controlled, factorial study on 496 patients with Bell's palsy 83% recovered facial functions in the corticosteroid group compared to 64% in the placebo group after 3 months [48] . After 9 months of follow-up this proportion increased to 94% for the corticosteroid group and 82% for the placebo group. The authors concluded that treatment with steroids within 3 days after onset signiWcantly improves the chance for complete recovery at 3 or 9 months [48] . In a study on 62 patients, high-dose intravenous prednisone together with vitamins within 72 h after onset resulted in a better outcome as compared to controls, who received only vitamins [49] . In a study on 71 patients with Bell's palsy administration of intravenous high dose hydrocortisone together with low molecular dextrane resulted in a better outcome of patients in HBS I-II as compared to patients who received prednisone exclusively [50] . The authors also reported that the addition of dextrane was associated with a lower rate of side eVects as compared to those not receiving dextrane [50] . In a study on 76 patients, the simultaneous administration of methyl-prednisolone and acyclovir resulted in a reversion of the deWcits to HBS I or II in 92% of the cases [51] . All patients in HBS grade I-II recovered completely. For patients in HBS grade IV, V, and VI complete recovery after 1 year was observed in only 94, 86, and 50%, respectively [51] . In a randomized study on 46 patients with Bell's palsy, of whom 23 received acyclovir and prednisone and 23 prednisone alone, those receiving the combination therapy had a better outcome on the facial nerve function index, as compared to those who were only on steroids alone [51] . If steroids were combined with valacyclovir complete recovery has been observed in 88% of 56 patients with Bell's palsy, whereas complete recovery was observed in only 68% of the patients who did not receive any therapy at all [5] . Most studies recommend steroids for moderate to severe Bell's palsy within the Wrst 72 h after onset and for the one-Wfth of patients in whom the palsy progresses [9] . A side eVect of steroids for Bell's palsy is the frequent temporary aggravation of a pre-existing diabetes [53] . This is the reason why patients with uncontrolled diabetes should receive corticosteroids only under close monitoring of blood glucose [48] .
Studies showing no eVect from steroids According to two recent Cochrane reviews there is no beneWt of steroids alone or in combination [54, 55] . However, these reviews admit that the available studies were insuYciently powered to detect a treatment eVect [55] . From three randomized trials, one with steroids versus placebo, one with steroids and vitamins versus vitamins, and one with steroids without a placebo group, including a total of 117 patients, the authors concluded that more randomized trials with a larger number of patients are needed to determine if there is harm or beneWt from steroids in Bell's palsy [55] . In a study on 147 patients with peripheral facial palsy 44% received corticosteroids, which did not signiWcantly improve the functional outcome [56] . In a study on 56 patients with Bell's palsy steroids did not result in a signiWcant improvement of the lesions 3 and 6 weeks after onset [38] . In a study on 29 children, there was no signiWcant diVerence between the rate of recovery in those treated with a short course of steroids (n = 23) and those not receiving steroids [52] . All patients in HBS I-II recovered completely. In a retrospective study on 879 patients with Bell's palsy steroids did not signiWcantly inXuence the outcome [19] . In a study on 221 patients with Bell's palsy valacyclovir and corticosteroids were signiWcantly better than corticosteroids alone [57] .
Antiviral agents
Though application of antiviral agents for Bell's palsy appears logical, they are only rarely given. In a British study, only 0.6% of the patients with Bell's palsy received acyclovir [58] . Two recent Cochrane reviews on 246 and 200 patients, including three [54] , respectively, two randomized trials [59] with acyclovir and steroids versus steroids alone [60] [61] [62] , acyclovir versus steroids [63] , and valacyclovir with steroids versus steroids [5] concluded that the results of all three trials were inconclusive with regard to a short or long-term beneWt and that a large, multicenter, randomized, controlled, and blinded study with a minimum follow-up of 1 year is required before a deWnite recommendation regarding the eVect of acyclovir or valacyclovir can be given [5] . At least there does not seem to be a diVerence between acyclovir and steroids orally versus acyclovir and steroids intravenously [15] . A recent study on 221 patients with Bell's palsy, treated with valacyclovir and prednisolone within 7 days after onset, showed a better outcome for patients receiving the combination therapy than corticosteroids alone [57] . In a study on 247 patients receiving acyclovir complete recovery was observed in 71% after 3 months and in 85% after 9 months [48] . The authors found no beneWt of acyclovir alone or an additional beneWt of acyclovir in combination with corticosteroids [48] . For patients with zoster sine herpete, however, acyclovir appears to be eVective [9] .
Pentoxifyllin
The eYcacy of pentoxifylline on the recovery of Bell's palsy has been only tested together with other drugs, particularly steroids and low-molecular dextrane [64, 65] . These studies showed a beneWcial eVect of such a combination therapy, but which of these drugs is the one actually responsible for the beneWcial eVect, is so far unknown.
Poor outcome measures
Pulsatile electrical current (transcutaneous electrical stimulation)
Particularly, in patients with poor outcome and chronic facial nerve damage long-term electrical stimulation may be beneWcial. In a study on 12 patients with chronic Bell's palsy and 5 patients whose facial nerves had been surgically sacriWced with a mean latency between onset and electrotherapy of 3.7 year stimulation of the most aVected muscles at a submotor level for 6 h a day during 6 months signiWcantly reduced facial nerve latencies, the HBS, and collective scores of the 12 clinical impairment measures after 6 months [66] . An improvement by 40, 30, or less than 10% was reported in 5, 4, and 8 patients respectively. The beneWcial eVect was explained by facilitation of re-innervation through electrical stimulation [66] .
Transmastoid decompression
In a study on 58 patients with Bell's palsy having denervation exceeding 95%, transmastoid decompression of the facial nerve resulted in signiWcant improvement of the HBS and Yanagihara scores 60 days after onset [67] . In a prospective, multi-center trial on patients with a chance of long-term sequelae from Bell's palsy, as assessed by nerve conduction studies and electromyography, surgical decompression of the facial nerve through a middle cranial fossa exposure, including the tympanic segment, geniculate ganglion, labyrinth segment, and meatal foramen, signiWcantly improved the chances to normal or near-normal return of facial nerve functions if surgery was carried out within 2 weeks after onset of total paralysis [68] . Since middle fossa craniotomy carries the risk of bleeding, infection, seizures, deafness, leakage of cerebrospinal Xuid, or facial nerve injury, this surgical approach cannot be routinely recommended to patients with acute Bell's palsy [9] .
Gold weight implant
Implantation of gold into the upper eyelids of 16 patients with lagophthalmus due to Bell's palsy resulted in signiWcant reduction of lagophthalmus and improved corneal coverage of 100% [69] . Owing to delayed closure time and disrupted tear Wlm, irritation of the cornea and sklera may persist, such that some patients require ongoing topical treatment of the eye, which may compromise visual acuity [69] .
Facial nerve cable grafting
In a retrospective study on 27 patients undergoing facial nerve grafting between 1982 and 1997 those who had the nerve grafted to a site distal to the meatal foramen had a better outcome than those with an anastomosis proximal to the meatal foramen [70] . Microneurovascular free muscle transfer and cross-face nerve grafting are other therapeutic options. The latter involves one of the nerves used for biting [8] . In a study on 29 patients who had undergone previous removal of cerebello-pontine angle tumor, hypoglossal-facial nerve anastomosis resulted in signiWcant improvement in all of them [71] . A HBS of III or better was achieved in 65 of the included patients [71] .
Subperiostal facial suspension (face lifting)
In an observational study on Wve patients with a HBS of III-V face lifting resulted in a marked improvement in four of them [72] .
Botulinum toxin
Synkinesis and facial spasms, common features of partially recovered facial nerve palsies, can be eVectively managed by subcutaneous or intramuscular injections of botulinum toxin [9] . In a study on ten patients with synkinesis during a period of 7 years on the average, periorbital injections of Botulinum toxin A resulted in marked subjective and objective improvement in nine [73] .
Prognosis
Facial nerve palsy can improve up to 1 year later [6] .
Patients with incomplete palsy have a better prognosis than patients with complete palsy [74] and the younger the patient the better the prognosis [2, 75, 76] . In patients with incomplete palsy up to 94% make a full recovery [9] . For elderly patients and those with severe weakness the outcome is less favorable [77] . Without treatment the prognosis of complete Bell's palsy is generally fair, but about 20-30% of the cases are left with varying degrees of permanent disability [3, 5, 8] . About 80-85% of the patients recover spontaneously and completely within 3 months, whereas 15-20% experience some kind of permanent nerve damage [8] . About 5% may remain with severe sequelae [2, 5] . In a study on 496 patients with Bell's palsy full recovery after 9 months was achieved in 94% of the patients receiving corticosteroids either alone or in combination with acyclovir [48] . In a retrospective study on 334 patients with Bell's palsy treated with 250 mg prednisolone in addition to dextrane and pentoxyfyllin, the functional outcome was independent of age, arterial hypertension, or diabetes [64] . In this study, the outcome was better if therapy had started within 3 days after onset of symptoms. The general outcome was regarded superior to patients without receiving any therapy at all [64] . Prognosis of Bell's palsy may be assessed clinically, by nerve conduction studies [25, 78] , transcranial magnetic stimulation [79] , or quantitative analysis of MRI [80] . About 10% of the patients with Bell's palsy experience one or more recurrences after a mean latency of 10 years [81] .
Long-term sequelae of facial nerve palsy may be persisting weakness, contractures, facial spasms, synkinesis, decreased tearing, crocodile tears, or psychosocial eVects [2] . In patients who recover without treatment, major improvement occurs within 3 weeks. A new wave of recovery of function starts 3 months after onset. If it does not occur within this time then it is unlikely to be seen by 6 months. By 6 months it becomes clear who will have moderate or severe sequelae. Indicators for poor prognosis are listed in Table 4 . In case of incomplete recovery facial nerve palsy may go along with facial synkinesis.
Conclusion
Patients developing Bell's palsy should be seen by a neurologist, oto-rhino-laryngologist, and ophthalmologist with the least possible latency after onset of the palsy. All patients in whom secondary facial nerve palsy is suspected a diagnostic work-up for the presence or absence of possible causes should be promptly initiated. If any of these causes is detected, it should be assessed if there is a causal relation between the palsy and the detected cause or not. Though a Wnal decision on the optimal therapy of acutely developing Bell's palsy cannot be actually proposed, patients should be provided with all measures to avoid secondary aVection of the eyes if the lid closure is insuYcient or in case of impaired tearing. According to a recent double-blind, placebo-controlled trial on 496 patients early administration of corticosteroids resulted in a signiWcantly better outcome than placebo [48] . In case steroids are used in diabetic patients, serum glucose should be frequently followed.
Open Access This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited. 
